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Dear P a u l :  

Thank you f o r  s e n d i n g  your  g r a n t  p r o p o s a l .  I have r ead  i t  w i t h  i n t e r e s t  and 
have  shown i t  t o  Mike Bishop and t o  C h r i s  Hansen, a g r a d u a t e  s t u d e n t  working 
on t h e  same problem. 

Needless t o  s a y ,  t h e  r e s u l t s  you p r e s e n t  a p p e a r  v e r y  p romis ing .  One of o u r  
c o n c r r n s  i s  t h a t  you may n o t  bc u s i n g  s u f f i c i e n t l y  h i d l  r a t i o s  o f  DNA/RNA t o  
d e t e c t  maximal h y b r i d i z a t i o n  of t h e  R N A .  For examplr-, i n  t h e  "low C o t T f  ex-  
p e r i m e n t s ,  you use a 1 0 / 1  r a t i o  of DN1?/INA ( t h e  r a t i o  may b e  h i g h e r  i n  F i g u r e  
6 b u t  you d o n ' t  p r o v i d e  t h e  s p e c i f i c  a c t i v i t y  of t h e  WJA); aq.;uming t h e  mole- 
c u l a r  wcipht  of t h e  RSV genome t o  be l o 7  d a l t o n s  and o f  t h e & h  genome a b o u t  
8 x I O "  d a l t o n s ,  a t  a 20/1 r a t i o  t h e  c o n c e n t r a t i o n  o f  RSV sequences  would be 
equa l  t o  t h e  c o n c e n t r n t f o n  o f  c e l l  seqi iences  r e p r e s m t e d  4000 t imes p e r  genome. 
Of c o u r s e ,  i t  i s  l i k e l y  t h a t  o n l y  a s m a l l  f r a c t i o n  of y o u r  RNA is a c t u a l l y  re- 
p r e s e n t e d  i n  r e p e t i t i v e  s e q u e n c e s ,  s o  t h a t  t h e  r a t i o  i s  p r o b a b l y  10-100 f o l d  
b e t t e r .  The C 0 t 1 / 2  o f  20 s u g g e s t s  you a r e  d e t e c t i n g  a f a m i l y  o f  a b o u t  1000 
copie.;; i € 10% o f  thP  Rh" were homologou.: t o  t h i s  DNA, you would have a 
2 . 5 / 1  r a t i o  o E V A /  A .  S i n c e  Melli  and i s h o p  i n d i c a t e  t h a t  DNA-DNA i n t e r -  
a c t i o n s  are U r r  mb,-DNA i n t e r a c t i o n s  and s i n c e  t h i s  i s  p a r t i c u l a r l y  
so when y o u r  DNA i s  n o t  a d e q u a t e l y  s h e a r e d ,  i t  is c o n c e i v a b l e  t h a t  much l e s s  
t h a n  10% of t h e  RNA would form h y b r i d s .  Our v iew,  t h e r e f o r e ,  i s  t h a t  you 
may not have maximized t h e  l o w  C o t  a n n c < i l i n g ;  however,  o u r  own e x p e r i m e n t s  
have n o t  demons t r a t ed  what w e  would t c rm s i g n i f i c a n t  (more t h a n  abou t  5%) 
a n n e a l i n g  o f  v i r a l  R N A  o r  polymerase p r o d u c t  P N A  a t  low C o t s .  We a r e  t h e r e -  
f o r e  i n  gccord v i t h  y o u r  answtxr a s  a q u a l i t a t i v e  r e s t i l t .  

A t  h i g h  C o t  v a l u e s ,  where y u i n c u b a t e  5 ng of  RNL w i t h  100 p g  of c e l l  DNA, 
w e  c a l c u l a t e  t h a t  you have 8 v i r a l  genomes p e r  d i p l o i d  cell enome 
t h a t  t h e  maximal a n n e a l i n g  t o  s i n p l e  copy DNA would be a b o u t k k  (?€ each  
chromosomal complement had 1 copy) .  (,Irnjn, t h e  r e s u l t s  of b l e l l i  and B€shop 
and t h e  problems of i n c o m p l e t e l y  sheared DNL could work t o  y o ~ ~ r  d i s a d v a n t a g e ) .  
Your r e s u l t s ,  of c o u r s c ,  i n d i c a t e  t h a t  you may soon see morc than  t h a t ,  r a € s i n g  
t h e  p o s s i b i l i t i e s  of m i i l t l p l e  c o p i e s  o f  v i r a l  scqiiences o r  of a l a r g e r  t h a n  
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e x p e c t e d  s i z e  of t h e  v i r a l  genome. I t  weald be u q r f t i l  t o  know when the  DNA 
i n  yoiir expe r tmen t s  i s  r e a n n e a l i n & ,  ma in ly  a s  a check on y o u r  claim t h a t  the 
cRNA i s  cop ied  from un ique  sequence  DNA. (We would i n t e r e s t 4  i n  l e a r n i n g  
more of t h e  d e t a i l s  of p r e p a r n t i o n  of  t h e  cRNA}. T t  w o r ~ l d  a l s o  he  usef t i f  t o  
know t h a t  t h e  r i e p u r i n s t i o n  p r o c e d u r e ,  somewhat unusual approach t o  UNA 
s h e a r i n g ,  was n o t  a E f e c t i n g  the r e a s s o c i - t t o n  k i n e t i p s  of t h e  DN!. - of course, 
t h e  s t a b i l i t y  of  your  hybri .ds s u g g e s t s  t h a t  a p p r e c i n h l a  untoward  e f  f e c t s  have  
n o t  o c c u r r r d .  
p r o c e d u r e  and i t s  r e l i a b i l i t y ) .  

(Agein,  we would b r  i n t e r e s t e d  i n  t h e  d e t a i l s  of the d e p u r i n a t i o n  

C h r i s  h a s  n o t  g o t t e n  a s  f a r  a s  you have  w f t h  t h i s  3 p p r o a r h .  Hc h a s  heen d c a l i n g  
w i t h  some of t h e  l o g i s t i c a l  probl~ms, a i m i n g  fo r  vir i l1  i-32 of v e r y  h-lgh s p e c i f i c  

DNA. ( I t  seems to  me, by t h e  Wav, thr3t YOU might hc* ~ I ~ J I P  t o  i n c r e a s c  your  
s p e c i f i c  a c t i v i t y  by rising more l l l - u r i d i n e ,  which i c ;  r e l a t i v e l y  cheap) .  

a c t i v i t y  ( g r e a t e r  t h a n  3 x 10 5 cpm/,tp} and largc amounts of uniqrie s equence  ce l l  

I have mul l ed  Over t h e  d i f E c r e n c c s  between y o u r  rcsrilts and mine and a t  p r e -  
s e n t  see no e a s y  r e e o n c i l i a t i b n s .  I f  t h e  d o u b l e - s t r , ~ r r d e d  DNA p r o h e  w e r e ,  
i n  fact r e p r e s e n t a t i w e o f  the whole genome, t h e n  T i~0111d c a l c i i l a t c  o n l y  1 - 2  
copics p e r  c h i c k  c e l l .  However, t h e n  what c o u l d  T makc. of  t h e  s l o w l y  re- 
a s s o c i a t i o n  p r o d u c t  which is 4-5 t i m e s  rune  cornplr’u t han  t h e  b u l k  of t h e  DNA? 
and h o w  would 1 a c c o u n t  for t h e  d i s c r e p a n c y  hetwet-n our r e s u l t s  and c l a s s i c a l  
f i n d i n g s  w i t h  r e a s s o c i a t i o n  k i n e t i c s ?  and  hov cou ld  7 e x p l a i n  c e l l  Ifnes from 
q u a i l  o r  r a t  which a p p e a r  t o  h a w  4 o r  2 cop ips  w i t t i  c u r r e n t  c a l c u l a t i o n s  and 
would then a p p e a r  t o  h a w  o n l y  f r a c t l i o n s  o f  genome? o r  genomes i n  o n l y  some 
o f  t h e  c e l l s ?  (Gclb e t  a 1  have t h i s  problem wtt-h SV-40 sequence  d e t e c t i o n  in 
3T3 c e l l s ) ,  

-I_ 

Our most i n t e r e s t i n g  r e c e n t  f i n d i n g  is an a p p a r e n t  a b s e n c e  of RSV a e q u e n c r s  
i n  n o m a 1  7T3 c e l l s ,  w i t h  abou t  7 c o p i e s  p e r  d i p l o i d  c e l l  in B77 and Schmidt- 
Ruppin t r ans fo rmed  3T3 l i n e s .  The d c t e c t i o n  I.; d i f f i c u l t  and we’re n o t  s a y i n g  
t o o  much a b o u t  t h i s  u n t i l  w e  perfni-m qomf’ P x p e r i m m t s  t o  g i v e  u s  q u a l i t a t f v e  
(YESINO) r e s u l t s  a s  well a s  s h i f t i n g  of Cot. c u r v e s .  

Again ,  t h a n k s  f o r  t h e  p r o p o s a l  - let’s keep  i n  t o u c h .  Have you t r i e d  normal 
c h i c k  DNA y e t ?  

1 

Yours,  

Haro ld  E .  Varmus 
Department of Mic rob io logy  

P . S .  We’d l i k e  t o  see r e p r i n t s  of y o u r  a r t i c l e s  you refer  to.  
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